Recent observations of intermediate age (1 -3 Gyr) massive star clusters in the Large Magellanic Cloud (LMC) have revealed that the majority possess bifurcated or extended main-sequence turn-off (EMSTO) morphologies. This effect can be understood to arise from subsequent star formation amongst the stellar population with age differences between constituent stars amounting to 50 -300 Myr. Age spreads of this order are similarly invoked to explain the light element abundance variations witnessed in ancient globular clusters. In this paper we explore the proposition that the clusters exhibiting the EMSTO phenomenon are a general phase in the evolution of massive clusters, one that naturally leads to the particular chemical properties of the ancient globular cluster population.
Introduction
A number of intermediate age (1) (2) (3) clusters in the Large Magellanic Cloud (LMC) exhibit a striking peculiarity, first noticed by Bertelli et al. (2003) , namely a main-sequence turnoff (MSTO) that is bifurcated or excessively broad in luminosity relative to photometric uncertainties. In the case of NGC 1846 Mackey & Broby Nielsen (2007) show that the cluster exhibits two distinct MSTOs. Extended MSTOs (EMSTOs) were subsequently reported in the clusters NGC 1806 and 1783 (Mackey et al. 2008a; Goudfrooij et al. 2009) and the SMC cluster NGC 419 Glatt et al. (2008) . Milone et al. (2009) EMSTOs. In contrast to the MSTO, the red giant branch (RGB) and main-sequence (MS) are narrow and well defined. This indicates that the cluster stellar population(s) possesses a low range in metallicity. The aforementioned studies also demonstrate that the morphology of the color-magnitude diagram (CMD) at the MSTO can not be explained by field star contamination or cluster binary stars. Instead, the studies conclude, the clusters are composed of stars with ages spanning a range of up to 300Myr. This at odds with the canonical picture of a star cluster as a coeval single stellar population. Bastian & de Mink (2009) provided an alternative explanation for the presence of EMSTOs based on the effects of stellar rotation on the observed CMD. This study shows that moderate rotation (ω = 0.4ω c , where ω c is the critical break-up velocity) amongst M> 1.2M stars can mimic the observed CMD of EMSTO clusters. The effects of rapid rotation are evident in the young (∼ 10 7 yr) cluster system of the MCs in the large fraction of Be stars (stars rotating at considerable fractions of ω c ; Keller 1999) . However, such rapid rotation is not seen amongst lower mass A-type stars (Wolff et al. 1982; Keller 2004 ) that populate the MSTO of older (∼ 10 8 yr old) clusters such as NGC 1866 (Testa et al. 1999 ). Girardi et al. (2009) consider a rotational scenario in the context of the SMC EMSTO -4 -cluster NGC 419. This cluster exhibits twin red clumps. Such dual red clumps require a dispersion in the mass of the H-exhausted core of ∼0.2M (or ∼ 15%). It is unlikely that rotation can produce this magnitude of effect (Girardi et al. 2009 ). In addition, it is concluded by Girardi (2010) that the effect of convective core overshoot is similarly unable to account of the MSTO, rather they conclude that an age spread is the most likely cause.
Assuming that age is responsible for the MSTO morphology, the observations suggest an age range rather than a strong age bimodality for most clusters ).
Age ranges of between 50-300Myr are observed in the LMC sample ).
However, it must be borne in mind that existing photometry, largely of short exposure or
'snapshot' quality, will limit our ability to discern small age spreads and clusters in which the distribution of ages is highly skewed towards one extreme of the age range. It is also not clear if the MSTOs of clusters that apparently exhibit a broad age range will show age bimodality under closer observational scrutiny.
By dividing the MSTO into brighter and fainter branches, Milone et al. shows that NGC 1846, 1806 and 1751 possess a dominant brighter (younger) population that accounts for ∼ 70% of the cluster by number. Furthermore, the Goudfrooij et al. (2009) study of NGC 1846 shows that the younger population is significantly more centrally concentrated than the older population, although this result was not recovered by Mackey & Broby Nielsen (2007) . In general, however, the MSTO morphology for the known EMSTO clusters is not clearly bimodal.
Other than rotation, three scenarios are discussed in the literature to explain the formation of EMSTO clusters. First is the scenario that EMSTO clusters result from the merger of binary star clusters (Mackey & Broby Nielsen 2007) . The MCs are known to contain binary clusters (Bhatia & Hatzidimitriou 1988; Dieball & Grebel 2000) . However, the clusters that constitute binary systems are essentially coeval with age differences of -5 -∼few×10 7 yr. Efremov et al. (1998) find that the average age difference between cluster pairs in the LMC increases with their angular separation. Hence a larger age difference could arise from clusters that formed at large spatial separation in a giant molecular cloud (GMC). However, as pointed out by Goudfrooij et al. (2009) the spatial separation required to explain a ∼200Myr age difference is many times larger than the scale of a typical GMC. Similarly, it is unlikely that two clusters that formed in isolation and then subsequently drawn together should possess such similar metallicity. Hence formation via the agglomeration of two clusters is unlikely (Mackey et al. 2008a ).
Bekki & Mackey (2009) explore a second formation scenario in which an initial star cluster interacts and merges with a GMC, undergoes an episode of star formation, to form a composite star cluster with two distinct constituent populations. The advantages of this scenario are that: it presents a large reservoir of gas from which a large number of second generation stars can be formed, and the second generation is naturally more centrally condensed, in line with observations of Goudfrooij et al. (2009) .
The final scenario for the formation of EMSTO clusters is that the age spread arises from insitu star formation ). The challenges for this scenario are:
how does a small potential, such as those of EMSTO clusters, manage to retain gas for secondary or protracted star formation in the face of mechanical feedback that results from the course of stellar evolution (i.e. SNII)? How can a secondary population of up to ∼70% arise in such a scenario?
The insitu formation scenario for EMSTO clusters parallels that of the formation of multiple populations in Galactic globular clusters (GGCs). The origin of the observed star-to-star light element abundance inhomogeneities in the GGCs has been the topic of an extensive literature (see e.g. Carretta et al. 2010b for a review). The observed presence of star-to-star variations from the RGB to the MS argues that the abundance variations -6 -are not due to mixing and/or chemical processes internal to each star. Rather, it strongly argues that the abundance inhomogeneities are due to the incorporation of chemically processed material derived from previous generation(s) (the self-pollution scenario, first proposed by Cottrell & Da Costa 1981) . The presence of multiple populations in GGCs appears ubiquitous (Carretta et al. 2010b ) and is also apparent in extragalactic globular cluster systems (Fornax; Letarte et al. 2006 , and the ancient GCs of the LMC; Mucciarelli et al. 2009 ).
There are a number of intriguing similarities between the properties of the multiple populations of ancient GCs and those evident in the EMSTO clusters: firstly the age range of ∼100-300 Myr for formation of the first and second generations in EMSTO clusters is of the same order as that required by of some of the processes (e.g. AGB stars) postulated to generate the processed material in the ancient GCs; secondly some EMSTO clusters are dominated by a second generation, similar to that evident in ancient GCs (D'Antona & Caloi 2008) .
In this paper we explore the proposition that the EMSTO phenomenon is related to the phenomenon of multiple populations evident in ancient GCs. In Section 2 we demonstrate that there are strong observational selection biases that restrict our ability to detect EMSTO clusters to a narrow age range that overlies the intermediate age clusters of the LMC. In Section 3 we show that the EMSTO clusters tend to be the most spatially extended clusters in their age range, and furthermore that the strength of the EMSTO is correlated with the degree of spatial extension. In Section 4 we argue for a scenario in which evolution shapes the luminosity function of the massive cluster population such that those that have experienced the EMSTO phenomenon remain to form the ancient GC population. In this scenario, the EMSTO clusters of the LMC are the 'missing-links' of GC evolution -it is in the EMSTO phenomenon that the peculiar GC abundance anomalies -7 -are established.
Extended MSTO selection effects in intermediate age clusters
The chemical inhomogeneity of light elements is ubiquitous in all GC systems studied to date. If the extended MSTO phenomenon is related to the production of these chemical inhomogeneities why then do we only see extended MSTOs in clusters in a particular age range?
In this section we demonstrate that there are strong observational selection biases against seeing clusters with multiple age populations outside this age range.
In Figure 1 we show the cluster core radii for LMC clusters with a variety of ages.
These data are taken from the tabulation of Mackey & Gilmore (2003) . Where possible we have updated these values with refined ages and spatial parameters from recent ACS imaging (Mackey et al. 2008a ). In filled circles we indicate those clusters that are known to be EMSTO clusters from Milone et al. (2009) . Milone et al. finds that between 600
Myrs and 1.5 Gyrs EMSTOs account for 70 ± 25% of clusters (11 out of 16) examined with sufficient photometric accuracy. It was noted by Bertelli et al. (2003) that the 2 Gyr old cluster NGC 2173 exhibits a MSTO that can be understood as due to the presence of two populations 300 Myr apart. In the case of 0.8 Gyr old cluster NGC 1868, Santiago et al. It is particularly striking that the EMSTO clusters inhabit the upper envelope of the r c -age distribution. This is even more evident when we control for the dependency of r c with distance from the kinematic centre of the LMC (R 1 ). It has been noted that there is a 1 the positions of the LMC clusters have been deprojected to the in-plane LMC distance via the kinematic LMC model as described by van der Marel et al. (2002) and updated by -8 -significant proximity effect present in the distribution of core radii of LMC clusters Mackey & Gilmore (2004) . This has the sense that inner clusters are generally more concentrated than those in the outskirts of the LMC (see Figure 2 ).
In Figure 3 we show and expanded view of the age range covered by known EMSTO clusters in the LMC. Over the extent of age, r c , and R parameter space inhabited by the currently known EMSTOs there is no cluster that is known not to exhibit the EMSTO phenomenon. NGC 2209 lies just outside this volume making it a strong candidate for possessing the EMSTO phenomenon. No detailed photometry exists for this cluster, however. We are not aware of any selection effects that would otherwise preclude us from finding EMSTO clusters of small core radii. Even in the most compact of cluster studied to date in this age range, NGC 1644, the HST ACS photometry utilised in the Milone et al.
(2009) study is not sufficiently perturbed by crowding. Unfortunately however, the number of clusters that have been so examined with core radii less than the smallest EMSTO cluster (NGC 1987 with r c = 3.68 pc; see Fig. 3 ) is only two. Neither is seen to possess the EMSTO phenomenon. This should be contrasted with the 11 clusters larger than this core radius in which 11 are found to possess EMSTOs.
We now investigate the selection effects present as a function of cluster age. We will consider that the EMSTO phenomenon is based on the presence of an age spread in the star formation history of the cluster. At ages younger than the age spread exhibited in the intermediate age EMSTO clusters, we can not observe the phenomenon by definition -the second generation has not yet formed. As we move to older ages, the relative fraction of the cluster lifetime that the age spread represents diminishes. Hence the offset in magnitude between the younger and older age MSTOs on the CMD will become smaller and the EMSTO effect will become increasingly harder to distinguish photometrically. Olsen & Massey (2007) .
-9 -In order to quantify the selection effects acting against resolving the EMSTO phenomenon in older (i.e. log age > 9.2) clusters, we have conducted a series of simulations as follows. We firstly assume that the second generation (SG) population is a distinct, and instantaneous, secondary star formation event and that this occurs 200 Myr after the formation of the first generation (FG). 200 Myr is chosen as it is the median of the age spreads inferred to exist in the LMC EMSTO cluster sample studied to date , their Table 3 ). The FG and SG populations are represented in equal proportions: this is an "optimistic" scenario for EMSTO visibility since typically the FG and SG populations are less bimodal but rather suggest an age spread. Where the SG and FG populations are clear the ratio of SG to FG appears to be around 70% ).
We then populate isochrones of appropriate ages (from Girardi et al. 2002 ) to achieve a cluster of total absolute magnitude M V =-7.14 (the mean M V of the extant EMSTO sample of the LMC). Photometric uncertainties appropriate for typical 'snapshot' ACS photometry (as described in Milone et al. 2009 ) were then imposed on the model CMD (this uncertainty in the photometry is of order ±0.01 magnitudes at the MSTO, see Figure 4 ). We have also included in the simulated population a binary fraction of 30% where the mass of the secondary varies uniformly between 0-1 times the mass primary (Keller et al. 2001) . We then slice the upper MSTO perpendicular to the locus of the MSTO between two bounds as shown in Figure 4 . Expressing distance along the axis X we then perform a two-sided KS test on the simulated EMSTO population and a single age (the average of the FG and SG ages) population of identical number. We then determine the visibility of the EMSTO as the fraction of trials in which the EMSTO population exhibits a KS-test probability of distinct parent populations of 95% or more.
The results of our EMSTO visibility simulations for a typical LMC cluster as a function of age are shown in Figure 5 . The visibility rapidly falls between log age 9.2 -9.4. This -10 -drop in visibility is not only related to the decreasing fractional age difference between the FG and SG populations but is also due to a change in the course of stellar evolution at this age. As discussed in Girardi et al. (2009) it is at this age that stars transition from possessing enough mass to ignite He in a non-degenerate core, to those that ignite He under degenerate conditions in a He flash at the tip of the RGB. A consequence of this change is that the transition from the MS to RGB is more rapid. Consequently, the extent of the MSTO region is curtailed, and the visibility of the EMSTO is much reduced. In our scenario, clusters such as NGC 1978, 2121, and IC 2146 wouldn't have an observable age spread, even though given their large core radii, they are prime candidates for having progressed recently through the EMSTO phase.
Apart from the extended main-sequence turn-off, there are other features of the CMD that will also reflect the multi-age population. For instance, a red clump extended or bifurcated in luminosity (such as seen in the SMC EMSTO cluster NGC 419 Girardi et al. 2009 ) or the presence of a broad sub giant branch. However, when in the presence of the background field star population, weakly populated cluster CMD features such as these suffer problematically from field star contamination and represent low contrast effects. The local dominance of the cluster stars in the vicinity of the MSTO remains the key feature for distinguishing the presence of an EMSTO in a particular cluster.
What would such a cluster look like if seen in the process of secondary star formation?
Firstly, it is expected that such a cluster will be more massive than those clusters seen in the EMSTO phase now by a factor of 10-20 times (Bekki & Norris 2006; D'Ercole et al. 2008 , on the basis of gas retention arguments). The EMSTO clusters possess typical estimated masses of log 10 M 4.8-5. 3 Mackey & Gilmore (2003) , hence during secondary star formation they would have amounted to around 10 6 M systems. As seen in the study of Mackey & Gilmore (2003) In considering if the absence of an EMSTO progenitor is a problem for our hypothesis we now consider the evolution of the cluster population in the log age -N plot of Figure 1 .
The number of clusters per interval of log age is approximately constant for ages less than 3
Gyr. If we consider our sample to be largely complete to at least the most massive clusters, this indicates strong evolution occurs in the cluster system, as has been discussed previously (see e.g. Gieles & Bastian 2008; Chandar et al. 2010) . If there were no preference for the enhanced survivability of EMSTO clusters we would observe ∼ 70% of clusters one dex younger as EMSTO cluster progenitors. Instead we see none. This argues that a property (or properties) of EMSTO clusters enhances their ability to survive the physical processes of cluster evolution. The 11 known EMSTO clusters from Milone et al. (2009) span an age range of 1.1 Gyr. If no EMSTO cluster was destroyed, and the number of clusters is constant per log age (Chandar et al. 2010) , we would expect the current population of potential EMSTO progenitor clusters between log age 8.0-8.5 to contain ∼ 0.5 EMSTO progenitors. It is therefore, not problematic to the in situ star formation scenario that we do not see an EMSTO cluster undergoing active star formation in the LMC, there is -12 -insufficient cluster formation to sample the upper extent of the cluster mass function in this age range at any given point in time.
It is well understood that only a small fraction of star clusters evolve into long-lived bound systems. In extremely young clusters, the effects of stellar evolution in massive stars (in the form of their supernovae and winds) expel the natal gas of the cluster. With rapid removal of gas, the gravitational potential of the cluster is suddenly reduced and stars that were initially bound to the cluster may now possess velocities in excess of the escape velocity (Decressin et al. 2010 ). This effect accounts for the disruption of up to 90% of stellar clusters (Lada & Lada 2003) . This phase presumably ends with the removal of the to describe the evolution of the cluster system by the bivariate age-mass distribution g(M, t) = M β t γ where β −2 and γ −1 for clusters up to ∼ 1 Gyr. The result implies that 90% of clusters are removed for each age dex independent of cluster mass. Gieles & Bastian (2008) challenge that the number count of clusters is likely to be affected by completeness since the sample is essentially luminosity limited rather than mass limited and older clusters are intrinsically fainter. The study of Gieles & Bastian utilises the mass of the most massive cluster as a function of age to infer the shape of the age distribution.
They find g(M, t) = M β t γ where β −2 and γ 0. This is compatible with no cluster dissolution after the initial gas removal phase until ∼ 1 Gyr, at least for massive clusters.
The long-term evolution of the cluster luminosity function is likely dominated by the preferential depletion of low-mass clusters by both evaporation due to two-body relaxation and by tidal interactions with the gravitational field of their host galaxy, and the -13 -preferential disruption of high-mass clusters by dynamical friction. However, the relative importance of these disruption processes is unclear (Fall & Zhang 2001; de Grijs et al. 2003) . McLaughlin & Fall (2008) show that they can replicate the Galactic GC mass function, which is characterised by a peak and turnover at high masses, through erosion due to evaporation from two-body internal relaxation of a mass function that initially rose towards lower masses. Increasing cluster mass increases the relaxation time and hence the cluster disruption time. Furthermore, two-body relaxation induced evaporation has a strong and systematic dependance on the GC central density, in the sense that less dense systems suffer stronger depletion. Elmegreen (2010) points out the importance of collisions, between dense clouds and other clusters, in the evolution of massive clusters in high density environments at high redshift. This study shows that a power law cluster mass function is rapidly shaped into the log-normal distribution witnessed in the mass function of Milky Way globular clusters. At LMC densities strong collisional dissipation is much reduced, however Elmegreen qualitatively shows that evaporation is sufficient to strongly shape the cluster mass function to leave only the most massive clusters. Furthermore, the morphology of the LMC (namely the lack of a strong bulge) is greatly different to that of the Galaxy and hence the effects of tidal shocks in shaping the stellar cluster luminosity function may be much reduced. In a qualitative sense however, in order to survive to the ancient GC population a star cluster will preferentially be drawn from clusters that are the most massive and the least dense.
Extended main-sequence turn-off clusters as spatially extended clusters
It is evident in Figures 1 and 2 that the EMSTO clusters are, without exception, the most spatially extended clusters for their age and distance from the centre of the LMC.
Furthermore, the clusters that exhibit the EMSTO phenomenon most prominently are -14 -those which possess the largest core radii. This points to an intriguing connection between the EMSTO phenomenon and the internal kinematics of the clusters in which it is found.
In this section we address this finding.
The general form of Figure 1 was first revealed by Elson et al. (1987) (with extension in Elson et al. 1989 , Elson 1991 , Elson 1992 , and in the case of the LMC, Mackey & Gilmore 2003) . Canonical evolution of an isolated system would lead to an evolutionary path across this figure that (for a Salpeter IMF) rises slightly in core radius over 10 9.5 yr and then declines with the onset of core collapse at 10 10 yr. From a sample of clusters of mass M> 10 4 M Mackey & Gilmore (2003) shows that no mass-size relation is evident and hence a size-of-sample effect (as discussed in Hunter et al. 2003) does not explain the radius-age trend that is evident.
Mackey et al. (2008b) address the radius-age trend via N -body modelling of massive
star clusters analogous to those of the MCs. They identify two processes that can lead to significant and prolonged cluster core expansion, namely, mass-loss due to rapid stellar evolution in a primordially mass-segregated cluster (i.e. massive stars are preferentially located in the central regions of the cluster) and heating due to a retained population of stellar mass black holes formed from the SNe of massive stars of the cluster. The timescales over which the two processes dominate differ. The effects of mass-loss in a mass segregated cluster are apparent in the first Gyr. For black hole heating to be important the black holes must dynamically relax to the centre of the cluster a process that takes on order of a Gyr to complete.
In the case of the EMSTO clusters, of ages 600 Myr to 1.5 Gyr, the dominant process responsible for promoting these clusters to larger core radii is therefore that arising from mass loss in an initially mass segregated cluster. young massive clusters may well be a product of the formation process, namely, the more massive stars are preferentially formed at the bottom of local potential wells where the gas density is greatest. Furthermore, the degree of mass segregation is expect to be a function of cluster mass -a deeper potential feeds more mass to those central stars Bonnell & Bate (2006) . In the case of an initially mass segregated cluster Mackey et al. (2008b) show that since the massive stars are preferentially concentrated in the central regions of the cluster the effects of early rapid mass-loss due to stellar evolution is greater compared to non-mass segregated counterparts and this results in expansion to much lower central densities. We propose, therefore, that the EMSTO clusters preferentially represent the population of the initially most mass segregated (and hence most massive) clusters to have formed.
As we have discussed above, evolution of the cluster mass function erodes low mass clusters and those clusters of high central density. EMSTO clusters, by virtue of their generally higher mass and lower central densities, preferentially survive to older ages. We propose that clusters that have progressed through the EMSTO phase are the dominant contributors to the ancient GC systems.
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Chemical Abundance Variations
The scenario we propose predicts that the SG stars within EMSTO clusters will incorporate some proportion of previously processed material from FG stars. This, in turn, leads to the prediction that abundance variations identical in character to those seen in shows a dispersion of 0.10 dex compared to 0.11 dex expected. Under our hypothesis, the cluster NGC 1978, due to its large core radius, was highly likely an EMSTO cluster that is now sufficiently old that the EMSTO is no longer visible. However, a similar low abundance variations is seen in this cluster from a sample of 11 stars.
In the case of the ancient, metal-poor GCs the incorporation of FG processed material is understood to imprint the light element abundance variations clearly evident in the SG population. In the AGB self-pollution scenario, considerable uncertainty remains. Chemical yields based on AGB models by various groups vary dramatically. The models of Karakas & Lattanzio (2007) obtain Oxygen depletion and Sodium production at levels appropriate to match the O-Na anti-correlation seen in the ancient GC population from the most massive AGBs (∼ 7M ). On the other hand, Ventura & D'Antona (2008) can replicate the O-Na anti-correlation to considerably lower masses (∼ 5M ). Furthermore, differences in the treatment of convection in the models of the above two main modelling groups lead to differences in the level of O depletion.
The model dependency of Na production and O depletion discussed above similarly clouds our understanding of the yields of AGB stars as a function of metallicity. The However, the magnitude of such abundance variations are as yet unclear as they depend upon the yield of a polluting population at considerably higher metallicity than the same polluting population responsible for the ancient GC population.
Our scenario views the ancient GCs as the distilled remains of an initial star cluster population. The ancient GCs are clusters who, primarily by virtue of their larger mass, have survived to the present day. We hypothesise that by virtue of their larger mass these clusters have been able to retain/acquire gas in order to progress through the EMSTO phase of secondary star formation. That clusters can retain and/or acquire gas for the secondary star formation is an assertion identical to that made in the self-pollution scenario for GCs.
It is one that is at first consideration implausible. If the gas required for the formation of -19 -the SG was drawn solely from the ejecta of FG stars the amount of gas available would be:
where M t=SG is the turnoff mass at the time of the formation of the SG, M minSN e is the highest mass that does not expire via supernovae, and α is the initial mass function exponent (Salpeter IMF α = 2.35). For values of M t=SG = 4.5 M , M minSN e = 8 M and a total cluster mass of 10 4 M , we derive a gas mass of ∼100 M . However, the SG population in every massive cluster studied to date is at least equivalent in number (and hence mass) to the FG, that is on order of 5×10 3 M in this example.
It is clear therefore that the self-pollution scenario for EMSTO clusters (and hence by extension the ancient GCs) can not occur without the accumulation of gas from an external source. This is a conclusion drawn by previous studies, for example by Bekki & Norris (2006) in the case of ω Cen. By similar mass function arguments as above, this study demonstrated it was not possible to achieve the observationally inferred helium enrichment from the FG. Bekki & Norris (2006) propose that the SG instead formed from gas ejected from field stellar populations that surrounded ω Cen when it was the nucleus of a progenitor some 10-20 times more massive than the present-day GC. as a shell of material that subsequently falls back onto the dense cloud that is forming SG stars.
A problem for this scenario is, as Gratton & Carretta (2010) first SNII clear the GC of the initial gas reservoir, mass loss from AGB stars occurs and gas is accreted from the ISM and this material collects at the centre of the cluster potential. At such time the radiation is too intense for the gas to cool. After several 10 8 yr the radiation intensity declines sufficiently for molecular H to form. This leads to gas cooling and collapse to form a second generation. SNII from the second generation, and prompt SNIa from the FG clear the gas from the cluster to terminate star formation.
Conroy & Spergel point out that a critical mass of ∼ 10 4 M is required to retain gas in the face of ram pressure stripping in the present LMC environment. Above this -21 -mass threshold clusters are expected to show multiple populations, and below clusters are predicted to be coeval simple stellar populations. A similar and contemporaneous model for the development of multiple populations with enrichment via rapidly rotating massive stars is presented by Decressin et al. (2010) . This study finds that the effect of gas ejection by the FG SNII is to preferentially eject FG stars while SG stars remain bound to the cluster.
In the most favourable of cases a SG fraction of 60% may result. This is a faction in line with observations of both GGCs and the LMC EMSTO clusters. Furthermore, since the SG stars are formed centrally, long term evolution will enhance their fraction.
A series of the most massive Galactic GCs, namely, M54 (apparently the Sagittarius dwarf nuclear GC, Carretta et al. 2010a ), M22 (Da Costa et al. 2009 Marino et al. 2009 ), and NGC 2419 (Cohen et al. 2010) show star-to-star iron and/or calcium variations. ω Cen reveals calcium (Norris et al. 1996) , iron (amongst other elements, Johnson et al. 2008) and helium (Norris 2004; Dupree et al. 2010 ) abundance variations together with multiply aged populations (for example, Bedin et al. 2004 ). These clusters are strongly suspected as the nuclear cores of dwarf galaxies accreted to the Milky Way. Under our hypothesis the EMSTO phenomenon occurs over a broad range of cluster mass, from inception at ∼ 10 4 M in massive clusters to the nuclear star cluster mass regime in excess of ∼ 10 7 M (Georgiev et al. 2009 ). In the case of a nuclear star cluster, perhaps at the center of its own dark matter halo, the cluster can retain some fraction of the yield from the SNe that it, and surrounding regions, have experienced leading to internal dispersions of Fe-peak and α-elements. Constrained by surrounding potential, such nuclear star clusters could undergo multiple cycles of the EMSTO phenomenon of star formation and enrichment.
Such evolution would lead to populations of stars with distinct metallicities, chemistry and perhaps ages such as seen in the most massive GCs (see also Bekki 2010).
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Conclusions
We have presented a scenario for the formation of extended main-sequence star clusters (EMSTO). In our scenario we envisage the EMSTO phenomenon as arising in an evolutionary phase that is shared by all massive star clusters. The cluster, by virtue of its considerable mass, is able to retain gas expelled from a first generation of stars and accrete gas from the ambient ISM. After 50-300 Myr this gas is sufficiently cool to form a second generation of cluster stars. The chemical signature of the processed material expelled by the first generation of stars is incorporated in the second generation stars. This phase of massive star cluster evolution is therefore the genesis of the light element abundance variations ubiquitous in the ancient globular cluster (GC) population.
The EMSTO clusters represent the missing link in GC evolution between young clusters that have a simple stellar population and the ancient GC that reveal the imprint of multiple stellar populations. The EMSTO phenomenon evident in the LMC is restricted to a narrow age range. We show that this age range over which the phenomenon is observationally apparent is due to selection effects. Amongst < 10 8.5 yr clusters insufficient clusters are formed in the LMC to stochastically populate the upper portion of the cluster mass function.
At older ages, as the age difference between the first and second generation populations becomes an increasingly small fraction of the total cluster age and the phenomenon ceases to be apparent observationally.
We have demonstrated that EMSTO clusters appear as the most extended clusters for their age and distance from the center of the LMC. This indicates that a connection between the kinematics of stars in the cluster and the presence of the EMSTO phenomenon. This connection would not be expected in a scenario in which the EMSTO phenomenon arises from stellar rotation for instance. Rather, we argue that this connection arises naturally from the dynamical evolution of the stellar cluster population. This evolution preferentially In our proposed scenario, the EMSTO phenomenon establishes the light element abundance variations that are ubiquitous in the ancient GC population. Our scenario therefore makes a very strong prediction that stars in EMSTO clusters should show the light element abundance variations similar in nature to those seen in galactic GCs. However, the expected magnitude of these variations are loosely constrained. The EMSTO clusters of the LMC are at significantly higher metallicities and lower masses than those of the ancient GCs. Considerable uncertainty exists in the yields of stellar evolution at such metallicities (from AGB stars for instance) and the level to which processed material is incorporated in the second generation of stars at lower masses. As a result of the formation scenario we have outlined, we would predict that the second generation of stars in the EMSTO clusters will be more centrally concentrated and show a smaller velocity dispersion than that of the first generation. 
